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REPORT OUTLINC

This report is presented in tvo volumes and deals witih the
acquisition and retrieval of data pertinent to the analysis of the
2.75 Inch Rocket/AH-1G lleapons System Daseline Accuracy Tests. A
orief Jdescription of each volume is given below:

Volume I details the various phases of the 2.75" Nocket Baseline
Accuracy Test as they pertain to CCOM supported functions and its airborne
data retireval system. A complete description is included of the
instrumentation system, aircraft flinht configjurations, alianment and
prefliqint procedures and a comprehensive description of the major sutb-
systems Lotih procured and fabricated for the test proaram,

Volume Il is a presentation of retrieved data samples, recorded
during Phase A and Paase B testing at the Yuma Provina Srounds, to
verify airborne instrumentation performance. Analysis of the data is
presented iancluding rlots of retrieved data, correlations Latween data
samples taken with various trarsducers and a frequency analysis of the

sampled data.
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1.0 Purpose and Lacknround

The Aircraft Installation and Test Tecanical Area, /ivionics Laboratory,
US Army Electronics Command was tasked by the MUCOM Project Manager Office,
2.75 Inch Rocket System to provide technical assistance and support in
the instrumentation of the 2,75 Inch Pocket Baseline Accuracy Test,
Project TPR-RK-1141,

ECUIY furnisied a recently developed high accuracy diqital data
acquisition unit and integrated this unit in an AH-15 aircraft with various
transducers and sensors to provide a highly sophisticated airborne recording
system. The recorded data is used:for the assessment and subsequent
analysis of the crucial independent functions that were pertinent
to a comprehensive study of the total rocket weapons system. The functions,
whose parameters were monitored and recorded in their natural system
environment, that comprise the major subsystems of the 2.75 Inch Rocket
System/AH-1G weapons system are as follows:

eoHelicopter Performance as a Stable Platform
elocket Performance

oPilot/Gunner Performance

ehunsight and Launcher Subsystems Aliqnment
eAiming Accuracy of the Helicopter

ECO" personnel specified and controlled the confiquration of the
airborne data retrieval package and coordinated all associated contractor
efforts and procurements. American Electronics Laboratory (AEL) performed
the aircraft installation and integration of the various electronics, trans-
ducers and sensors and fabricated a major portion of the specialty hardware
designed for the test., The initial instrumentation test procedure and check
out flignts were conducted by American Electronics Laboratory at their
Honmouth County Airport facility.

Airborne data system maintenance, operation, renovation and support
at the Yuma Proving Grounds Test Site was jointly provided by USAECOH,
American Electronics Laboratory and !linneapolis Honeywell personnel.

The following is a 1isting of major program milestones in chronological
sequence:

June 1970 Preliminary Discussions Between MUCOM and ECOM
Auqust 1970 Program York Pequest from 'UCO!1
September 1970 Desiqn of Instrumentation System

Procurement of ‘lajor Subsystems Cormenced
Systems Installation Started (A/C #67-150691)
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} ovember 1970 Hardware Fabrication Completed
f. December 1970 Sensor and Transducer Validation
4
i February 1971 Systems Installation Started (A/C #66-15250)
' Installations Completed
Preliminary Flight Test at AEL, Monmouth County Facility

=2 il

? darca 1971 Aircraft nrrived Yuma Proving Ground t
2 Preliminary Phase A Testina Commenced . §
§ ilay 197 Phase A Testing Commenced ) a
? -

! August 1971 Phase o Testing Commenced E

February 1972 Phase B "Add-On" Testing Commenced

= QPSS R

2.0 Summary

US Army airborne system testing capability has been advanced
significantly as a result of innovative techniques estakblishe: and
utilized during the comprenensive testing of the FFAR Yeapon System
The introduction and application of these techniques permitted the first
quantified assessment of the AH-1G aerfal platform subsystems as they
function in the total system environment. The accurate simultaneous
monitoring and recording of the critical subsystem parameters when analysed
in conjunction with the normal system evaluation methods provides both

cause and effect information,

Guiding concepts and goals established for the instrumented test
are outlined below:

ettt i

e Establish Parameters Critical to %Sunship Performance

o Quantify Subsystem/System Referenced Data

e Monitor and Control Spurious System Disturbances

®Record Aerial HWeapons System Baseline Data

olorrelate Rocket Accuracy and Aerfal Vehicle Stability . :
1

elUevelop a High Accuracy Dinital Airborne Instrumentation System

®Format Cormatible Data Tapes for I'niversal Application




The data relevant to the analysis of the AH-1G mounted 2.75 Inch
Rocket System was obtained using a specially developed ECO airborne
instrumentation system in conjunction with Yuma Proving Sround (YP3)
ground based tracking and recording network. The instrumentation
system vas designed to function on a noninterferting basis to maintain
the integrity of the weapons platform operating in its natural mission
environment, :

Cinetheodolite stations position fixed the aircraft in smace and
an inertial reference system established the orientation of the aircraft
coordinate system with respect to local gravity. The inertial reference
system also sensed the anqular rotation of the aircraft coordinate system
as well as measured the linear acceleration alonq its axes. These
parameters fixed the rocket launching point and qunsiqht aim noint with
respect to the target, .

The relative vind profile vas monitored in front of the rocket
launchers and at tiie nose of the aircraft to determine and reasure tie
perturbing effects of the airflow vwhich may cause a deviation in the
rocket flight path wnen launched from the aerial vehicle. The initial
launch conditions of the rocket launcher were monitored with respect
to the aim point to determine its error contribution to the fliqht of the
rocket and the overall accuracy of the system,

An onboard qunsiqght camera system was used to determine tie orientation
and sighting of tie Ali-1G weapon system during target acquisition and
recorded the flight of the rocket to the target. The trigger time and time
of eqress of the rocket from the launcher were sensed to determine the delay
characteristics of the aircraft launching system and its impact on
sighting versus launch time aircraft orientation. The average velocity
of the rocket vas calculated from the recorded data in order to assess its
contribution to the total accuracy of the rocket system.

3.0 Test Program Phases
3.1 System Uesign

The system design phase was initiated at ECOM based on a presentation
of the program requirements and objectives by 'UCOM. A complete analysis
of the program definition followed with emphasis on the responsibilities
assigned this facility. A systems approach was developed witih the understand-
ing that the airborne instrumentation package would eventually be a
subsystem of a greater data retrieval system., This requirement dictated
tnhe fact that the airborne system must intcrface and be compatible with
existing and proposed facilities at the Yuma Proving Grounds.

Transducers and sensors vere selected that were capable of withstanding
a nelicopter environment. Environmental specifications, including high
temperature, sand and dust dictated that the equipments be rugaedized




but retain the accuracy requirements of laboratory type instruments. The
transducers also were required to be compatible with the existing Data
Acquisition Unit (DAU).

: The mechanical assemblies for mounting the linear variable differential

% transformers (LVDT), had to be easily installed, aliqned and calibrated and

? yet remain truly independent of any movement in the wing structures. The

: anjle of attack pods which house the transmitters must be easily transferable
between aircraft and cause a minimal amount of disturbance to the airflow,

The inertial reference system (IRS) was required to be mounted as close
tn the center of gravity as possible yet be in a position that allowed -
easy access for mechanical alignment.

A technique vas developed vhereby the data acquisition system could
ve ecasily romoved from the test aircraft and reinstalled in the back-up
aircrafi witnin one day. Identical instrurentation iiarnesses viere fabricated
for caca of the two aircraft. In order to transfer tae instrumentation
pachange, the entire instrumentation nallet was desiqned to be easily
removed from the ammunition comnartment of the test aircraft and remounted in
the back-up aircraft,

Toe data requirements dictated that the instrumentation system be
capable of accepting and recording both analog and diqital information with
a hignh degree of accuracy. Twenty-five analog inputs, with various rances
up to 25 volts had to be monitored to provide system data. 'Wwltiplexing
rates of 100 and 1000 samples/second were required to provide the data
resolution necessary for the accurate analysis of the system.

The overall airtorne instrumentation system was under the direct control
of the co-pilot. Via the instrument control panel and DAU control unit,
the co-pilot controlled the data acquisition unit, all transducers, two
on-board cameras and the diqgital recorder,

Tne airborne system was canable of interface with the YP3 qround
facilities. The telemetry serial data transnission, when properly "locked",
provided real time data analysis via a six channel strip chart recorder.
YPC was responsible for data retrieval and analog presentation., Compatibility
vas required between the airborne recorded magnetic tape and the cround
computer used to decommutate the data and format a 1/2 inch IBM compatible ;
tape for final analysis. An analoq channel was providad on the recorder to .
allow a Pulse Amplitude “odulated (PAit) range time sianal to be recorded.
The range time transmission linked all portions of the data retrieval
system together. A run number fenerated by the co-pilot via the control
panel for each flight test, tied each data frame to a particular test for
ease of handling and data recoanizance during analysis.




3.2 Preliminary Flight Tests

CCOM testing of the airborre sensors was nerformed in several
stages. The transducers and other subsystems were accentance tested to
verify that they were fabricated in accordance with specifications.
Frequency response, dynamic range, accuracy, resolution and scale factors
were of prime importance. The units were then interfaced with the data
acquisition unit to assure compatibility and to verify that the linear
tracking and analog to digital (A to D) conversion of the sensed inputs
vas peing performed and recorded accurately. Finally the senors and test
subsystems were installed in the aircraft and a complete systems check
performed. These tests were designed to determine if the installation of
individual equipments affected the system and data was taken to verify
performance.

The aircraft was then flight checked as an airborne instrumented
testbed. Tne test vehicle was flown through a series of simulated rocket
launch flight patterns and the sensed data was recorded onboard while being
simultaneously transmitted to a ground station for real time display.

An ECOI ground receiving and recording station was established at
onmouth County Airport, Honmouth County lew Jersey for the preliminary
flight tests. An American Electronics Laboratory (AEL) six foot paralolic
antenna Type APN-1113, tracked the aircrafi's S-Band PCH/F! transmitted
data to distances of 25 miles. The data was received at the ground
station using a Defense Electronics PCM/FM Telemetry Receiver, Type TMR-74,
fed into an EMR Signal Conditioner, Type 2721, and then to an EI'R Frame
Synchronizer, Type 2731, prior to being converted back to analoa information
for Jdisplay on six EMR, Type 2755, Analog' Displays. The information
was simultaneously recorded on a2 Brush 6 channel strip chart recorded,

Type ifark 260, for analysis and verification of system performance.

Flight test results verified that data could be transmitted from the
ielicopter over line of signt distances without data loss or dearadation,
It was determined that data dropout eccurred only at the times the aircraft
bamked towards the receiver antenna at angles greater than 20 dearees
and in Tow level head on approaches both of which cause airframe shading
of the antenna from the qround station receiver. It was recommended
that the ground based receiving antenna should be in 1ine with and to the
rear of the flight path so that the transmitting antenna would be unobstructed
when the aircraft flew in the normal pitch down position,

A diaital program was written at ECO1 to verify the accuracy of the
airborne recorded data. A technique was devised to transfer the onboard
recorded digital data from the Leach Corporation digital magnetic recorder,
fodel 3200, to a 1/2 inch magnetic tape that was compatible with the
Electronic Associates Inc. Diqital Computer, 'lodel 8400. This transfer
vas performed by an EAl DDP-24 Digital Computer in conjunction with a
DOS 350 Patch Panel,




Several data channels had shown sensitivity to system and aircraft
ambient noise levels which masked some low level analoq data, In order o
raduce the noise susceptibility and preserve the desired accuracy, several
VAU filter modifications were required to narrow the analog data bandwidtn
to a level commensurate with the individual sensor cut-off frequency.

3.3 Preliminary Phase A

Preliminary Phase A commenced several months prior to the delivery of
the instrumented aircraft to the test station at Yuma Proving 5round (YPG).
Information tas forvarded to YPL concernina the data acquisition unit
data frame, samnling rates, synchronization viords and other pertinent
information relevant to the decommutation process and data lock received
condition. Several test tapes wera made available to the data reduction
personnel, following the flight tests executed in the nreliminary test
niase. These test tapes were furnished for checkout of YPG's data decormmu-
tation and reduciion procedure.

vuring the preliminary testing of Phase A, compatibility between the
ECUvi provided instrumented aircraft and tihe YPG provided qround based
data retrieval system was of prime concern,

The first test was to confirm that the serial transmission of data
from the aircraft via the PCM/FM telemetry transmitter could be received
properly. With a "data lock" condition, it could be assured that the
transmitter output level was adequate, the receiving antenna was properly
monitoring the flight path, and the serial-bit synchronization words were
being recognized., This link provided the real time analysis of the
flight. Several flight parameters were monitored including aircraft
attitude and the nose angle of attacks in order to verify that the airborne
data could be received at the telemetry van, relayed to the data reduction
center and retransmitted to the communications van for display.

Several tests were performed to verify that the infrared detectors
viere vorking properly. Rockets were fired and the data recorded on-
board Ly the data acquisition system, The test tapes were taken to the
decommutation center for analysis. A special proqram was written by YP"
to provide a listing of the trigner and IR detector pulse. The pulses
viere taen ciiecked to assure that they were recognizable in the ambient
noise and were being identified correctly by the computer.

3.4 Phase A Tests

Phase A testing was programmed to verify that all data systems
were properly coordinated and to evaluate tae flight conditions to Le
flown in Phase B. Comprehensive data was recorded in the aircraft and
telemetered to the qround station for all sensed parameters in several
instrumerted confiqurations. Phase A flight tests were indicative of the
Phase 5 flights with all systems active including actual triagerinn of
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dummy rocket rounds. Lach organization was resnonsible for the operational
capability and accuracy of their instrumentation or ejquipment. lata
systems compatibility Lecame a joint effort in an attempt tn isolate and
correct problem areas which developed in the initial fliaqht runs.

Juring the Phase A test proaram, the primary source data vas recorded
on the ECUM airvorne digital magnetic tape recorder. The tanes were
transferred to the data reduction center for formattina and processing.,

n rasultant engineering unit tape was made available to Picatinny Arsenal
and rort ionmouth personnel for detailed study. Resultant conaineerinn
unit princout was distributed by YPG to personnel of various commands for
analysis and verification. '

ne deternination of the aerodynamic flow profile about the aircraft
and rocket launcner pods under various flight conditions was of prime
interest., Straiqgnt and level, 120 and 15%° dive flight data at various
pover settings were recorded and studied. Ten anqgle of attack transmitters
were mounted on the aircraft in order to determine the aerodynamic
profile. Angle of attack sensor data was taken in eleven different
instrumented confiqurations, The recorded information vas processed and
correlated with respect to the other sensors in the same slane and all
pitch sensors were also correlated to the pitch andle of the aircraft.
The data was reviewed for repeatability and accuracy in order to determine
if the instrument confiqurations biased the normal airflow patterns.

o i i, 3G P RO s i it i b

Information was gathered to determine the pitcit down anale of the
aircraft as it flew in a straight and level fliqht pati at various
airspeeds between 30 and 145 knots. The pitch anqle has a direct bearinn
on the qunsight settina for the 2.75" rocket and tiherefore was significant
in the study of the accuracy dependant parameters of the wveanon system,

e W A
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3.5 Phase B Tests

A1l of the instrumentation used in tihe Phase A tests and the
optimal sensor confiqurations determined from those tests wore utilized
for Lhe Vive rocket firinqg runs comprising the Phase B tests. Te
additional instrumentation required during this phase to cbtain data for
commplete specification of the system performance included the infrared (I3)
detectors and linear variable differential transformers (LVDT).

Tvo IR detectors on each side of the aircraft were used to detect
tie IR in the plume of the rocket. The first detector responded to the
Iix immediately upon tie rockets egress from the launcher tube. Using this
information and the precise time of triager, the delay characteristics of
the system could be determined. A second detector mounted to the aircraft :
five feet ahead of the first was used to detect the passage of the rocket and i
made available information for determining the average velocity of the
rockets witih respect to the aircraft. Each rocket firina was monitored
andkan indication of the passage was recorded by the onboard instrumentation
package.
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Tire LVUTs were used to detect the motion of the 2.75" rocket launcher
with respect to the airframe durina the entire test run, with the time
period beainninn just prior to and endinn immediately followina the firinn
being most important. Four position sensors were mounted on the outside
circumference of each pod, two on the front and two on the rear. Two of
the sensors were mounted in the pitch plane and two in the yaw plane.
Linear motion of the rocket pods in the nitch and yaw plane and rotational
motion about the pitch and yaw axis were determined by monitorine the outputs
of the LVDTs. :

Using the ranae time or elansed time code data, velocity and
acceleration of the rocket pod in the pitch and yaw planes and about the
pitcih and yaw axes can be determined as the first and second derivatives
of the displacement data with respect to time.

4,0 Instrumentation System
4,1 System vescriprion

4,1.1 ‘otal vata System

The aeneral block diaoram for the data flow technique as used in
the retrieval of data for the test proaram is shown in Fiqure 1.

The Yuma ranae provided the capability for determinina the position
of the aircraft with respect to the around taraet by continuous monitorina
of its position usina cinetheodolite stations. The theodolite stations
trianaulate the position of the aircraft in a 3 axis coordinate system.
The theodolite data was corrected by viewing the films on a scoring board, 4
determinina the tracking error and then correctina the data accordinaly, {

Aircraft rance data was obtained using a radar provided by ‘“hite ]
Sands !lissile Ranne and operated by RCA Cornoration personnel. The Al-1G ]
vias tracked throuahout the fliqht test by the radar and nosition information ‘
was transmitted to all around stations by the flicht coordinator monitorina

he radar plottina board. The nilot was continuously updated on his
lateral and vertical position with respect to the predesionated flinht natih, d

lleteoroloaical information includina air density, wind speed and air
temperature was ronitored on a 130 foot tower in the vicinity of the test
rance, The air density and temperature information vas used to correct
aircraft fliaht data. A maximum air sneed of 10 knots was allowed before
testino was terminated,

Tne nosition of the aircraft and the rocket impact points were
photoqraphed Ly an overhead reconnaissance aircraft,
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Flight data was also available from film exnosed onboard the aircraft.
A camera was used in conjunction with the rocket aunsight. The camera
recorded the nosition of the qunsigit nipner with respect to tae tarnct
and monitored the fliant of the rocket to the impact area. A second
camera was used to record fuel quantity, engine torgue and the aircraft
bank and turn indicator available on the co-pilot's instrument panel.

The airborne instrumentation system sensed, diqitized and recorded on
magnetic tape all of the appropriate fliant parameters which are described
in detail in section 4.1.2. The entire information rackane was made
availatle to tiue data recduction center for decommutation, correlation and
formattinn,

The rCY serial telemetry data was processed in real time and
transmitted back to tiic communications station for disnlay. The qround
unit was capable of displaying up to six channels of information in real
time. Three channels were used to monitor the aircraft attitude in the yaw,
pitch and roll planes. Two channels were assigned to monitor the two nose
angle of attack indicators on the aircraft and one channel was availalble
for tne triqger pulse indication. ilonitoring of the rcal time display
was done so that any abnormalities in the flight characteristics including
severe attitude cnanqges or large wind qusts could be detected and noted
as a transient initial condition during data analysis.

Tne data reduction center processed the information from the parallel
tape, films, radar, theodolite, and meteorological data and time correlated
it to standard range time. A range time clock siqnal vias available for
transmission to all units for recording witih the data. The correlation 1
then Lecame a simple matter of aligning the time periods so that the data b
could be accurately compared and analyzed.

The final output from the data reduction center consisted of printout
of all data except the parallel recorded PCM data. Tie airborne tape
was decomrmutated at the data reduction center and a 9-track IB!! formatted
tape vas written. This tape was made available to !WCO!1 for detailed
analysis,

4,1.2 Airborne Instrumentation System

The total airborne instrumentation system as confiqured and delivore ]
for the baseline test is shown in Figure 2 with data signal
flow depicted vetveen major subsystems,

4,1,2,1 Sensors and Transducers

The instrumentation sensors and transducers were desinned to
monitor tne various test parameters and convert the information into a
voltage representation compatible with the ECOM supplied data acquisition
unit. The performance characteristics of each transducer selected were
evaluated individually and functionally in the overall installation to
assure tnat the sensitivity and accuracy requirements of the system were
as specified.

fetmodamn, b e
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The parameter sensor statistics including scale factor, accuracy and
frequency response are shown in Figure 3 and are self-explanatory. Total
data statistics, including data resolution precision and frequency cutoff,
for cach sensor type are also shown in Fiqure 3, Definitions of the data
statistics are as follows:

Data Resolution The smallest engineering unit value or
chanae in value that can be detected by the
Jata acquisition system,

vata Precision The parcentage of full scale that the
smallest detectable incremental value
renresents.,

Jata Frequency Cutotf The freauency at which the magnitude o*
the output data nas fallen 3 db below the
input.

The parameters sensed and monitored during Phase A testing and
the enumerated data word assigned to each sensor dre listed in Figure 4.

UATA WORU PARAVETER TRANSDUCER
Al Left I Detector
r2 Lateral Accelerometer
A3 Vertical Accclerometer
4 Fore/Aft Accelerometer
L5 Right IR Detector
AG Roll Rate
1y Yaw Rate o
bl Arcraft Piten %
be Aircraft Roll i
B3 Aircraft Yaw
4 Pitch Rate
b5 Angle of Attack 2 Left Pitch
b6 Angle of Attack 2 Left Yaw
87 Angle of Attack 4 Piqght Pitch
88 ingle of Attadk 4 Piqght Yaw
c13 Mnale of Attack Hose Yaw
B14 hnqle of Attack lose Pitcn
615 fngle of Attack 1 Left Yaw
£16 Angle of Attack 1 Left Pitch
017 Anqgle of Attack 5 Right Yaw
B1e Angle of Attack 5 Rinht Pitch

ilOTE: The angle of attack sense planes Tisted here corresnrond to
confiquration number 4.

FIG. 4 PHASE A TRANSDUCER DATA HORD ASSIGNMENT




The transducer used during Pnase D testing and the data words
assigned to tie sensors are shown in fFiqure 5.

LATA WORD PARAMETER TRANSDUCER
Al Left IR Detector
e Lateral Accelerometer
A3 Vertical Accelerometer
A Fore/Aft Accelerometer
A5 Right IR Detector
Ad Roll Rate
A7 Yaw Rate
61 Aircraft Pitch
52 Aircraft Roll
b3 ANircraft Yaw
G4 Pitch Rate
B5 LVDT Left Horizontal Forward
6 LVDT Left Vertical Forward
B7 . LVOT Left Horizontal Aft
38 LVOT Left Vertical Aft
B9 LVDT Right Horizontal Forward
B10 LVDT Right Vertical Forward
B11 LVDT Right torizontal Aft
812 LVDT Right Vertical Aft
B13 Angle of Attack !llose Yaw
514 Angle of Attack lose Pitch
L15 Angle of Attack Left Yaw
B16 Anale of Attack Left Pitch
b17 finnle of Attack Right Yaw
B18 Annle of Attack Riaht Pitch

NOTE: Tne angle of attack sense planes listed above correspond to
confiquration number 5,

FIG. 5 PHASE U TRANSDUCER DATA WORD ASSIGHMENT

4,1,2.2 Control Panel

in instrumentation control panel was provided for the co-pilot to
control the following functions: 1{nertial reference system pover,
azimuth gyro cage, transducer excitation, camera control, and run number
se}egtion. The control panel is more completelydescribed in paraqraph
5. L ] L ]

4,1.2.3 Radar Altimeter

An ECOM provided radar altimeter was installed on each Ali-11
helicopter witi: displays in both the pilot and co-pilot compartments.
The radar altimeter provided altitude information to the pilot durinn the
test flichts., The information supplemented the around radar data, provided
via the fligit director, particularly at low altitudes.

14
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4.1.2.4 Control Unit

The data acquisition system is activated by a control unit (CU),
Fiqure 6, located in the co-pilot's compartment of the AH-15 helicopter.
The control unit "NO GO" light indicates the condition of all internal
nover supply voltages required for operation of the samplina system.

Two event marker pushbuttons are available on the CU for markina special
events during the fliqght test. An outnut is provided on the control
unit where tne digital output from tihe multiplexer is converted back to
an analog voltage. Any of the analog channels can be viewed with a
digital voltmeter connected to J1 on the CU. The channel is selected Ly
the "D/N CHANNEL SELECT" thumbwheel switches on tie CU face panel.

4.1.2.5 vrata Acquisition Unit

The output of the pararieter transducers is innut to the Data
Acquisition Unit (DAU) which provides the central control for the operation
of the instrumentation system. The DAU functional block diagram is shown
in Figure 7,

Data is transmitted by the DAU to the digital maanetic tane recorder
in a vit parallel pulse code modulated format as shown in Finure 8. The
data is stored on the 92ne inch tape for data analysis which was nerformed
later at the data reduction center. The diaital words are also converted into
a serial Lit stream by the DAU parallel to serial converter and transmitted
by the PCHM/F1 telemetry transmitter to the around station real time date
display.

RECORUER TAPE TRACK FUNCTION

Hot Used

Parity

Sign

Bit 10 (:'SB)

3it ¢

Bit G

3it 7

Word Mark

it 5

Bit 4

Bit 3

Bit 2

Bit 1 (LSB)

Bit 6

tlot lUsed

Ranne Tinc (Pulse Amplitude
‘lulated)

- el b wd b
T RWMN = O VI NCOCTHWN -

—f
[1]

-—
(=]

FI5. 8 RECORDER DATA FORMAT
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The multiplexing system begins sampling the transducer outputs
inmediately upon activation of the "power" switch in accordance with the
preselected format. Power is simultaneously applied to the telemetry
transnitter and transmission of the serial data commences via the S-band
telemetry antenna. The sampled data is applied to the digital recorder
following activation of the “"power" switch but the data is not recorded
until the "run" switcih is depressed. Recorder transport nower, tape
speed selection, and tape recording direction is accomplishad on the tape
transport located in tne armunition compartment of the aircraft,

Tue parameter sensor outputs are input to either the hiagh rate or
low rate channels depending upon the sampling rate requirements., The inputs
to the OAU are in tie 5 volt or 225 volt range. The attenuation card
converts tie higher voltage analog inputs into a cormon range of %5 volts
and provides selected filtering of the higher frequency noise components.
The niah rate channels, channels Al thru A7, are applied directly to the
analog main rnultiplexer, The lov rate channels, which include the threo
syncaro channels, are innuts to an analoq submultipiexer. The synchro
information is converted to a DC voltane prior to application to the
subrultiniexer. As can be seen from the block diacram the DAU analon
calibration voltage is also input to the submultinlexer., The calibration
generator nrovides five calibration voltages to the svstem which aids in
determining if the system is operational.

An analoq to digital (A to D) converter converts the data samnles
output from the main multinlexer into a digital binary code consistina
of 10 magnitude bits plus a siqn bit. System sensitivity is set at
5 volts = 1000 counts, the least significant bit is representative of a
5 millivolt analog step. The digital words are applied to the diaital
multiplexer along with information from the discrete inputs, the time code
gencrator and the event markers. These digital inputs are then arranned
into the desired parallel and serial output formats. The data format frame
selected for the 3aseline Test is saown in Fiaurc 9, The JAU processes
100 frames of sampled data per second. Therefore the analon inputs to the
"A" channels are sampled 1000 times per second and the "B" channels are
sampled 100 times per second.

4.2 Aircraft Configuration Control
4,2.1 Instrumentation Configuration

Phase A flight tests were performed in order to deterwine the
acrodynanic flow natterns around the two instrumented aircraft, Each
rocket launcher was equipped with an angle of attack transmitter pod
that was desiqned to cause minimal disturbances in the airflow. Each
pod noused two transmitters sensitive to the airflow in the yaw and
pitcih planes,

The IR detector triqqer shaping networks were used during the
simulated rocket firina flinits to indicate the occurrence of a trigaer
pulse.
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AP | A2 [A3 [A4 [AS | A6 [ AT | BI | CA | CO|BII|DI
Al [ A2 |A3 [A4 |AS [AG |AT [B2 [ CA ) CD |BI2 | D2
Al | A2 | A3 [AQ [AS [A6 AT (B3 [CA | CD |BI3 |D3

Al | A2 A3' A4 [AS | A6 | AT [B4 | CA | CD [BI4 |D4
Al [ A2 [A3 [ A4 |AS | A6 [AT [BS |[CA | CD |BIS|DS
Al A2 |A3 A4 JAS | AG | AT |B6 JCA | CD |Bli6 | Cl
Al | A2 JA3 | A4 [AS [ A6 | AT | BT |CA | CD |BIT[C2
AUTA2 A3 [ A4 JAS | A6 [AT [ B8 [ CA | CD|BIB|CAL
Al [ A2 |A3 | A4 | AS | A6 AT |B9 [CA | CD | ETI|ET2

Al 1 A2 [A3 [A4 {AS {AG [ AT [BI0fCA | CD|SI |S2

DATA INPUT CHANNELS DAU GENERATED INFORMATION
WORD INPUT WORD FUNGCTION
At = AT HIGH RATE ANALOG ETI — ET2 ELAPSED TINE CODE
Bl - 83  SYNCHRO CAL CALIBRATION WORD
B4- BI8  LOW RATE ANALOG §| - §2 SYNCHRONIZATION WORD
DI FLIGHT TEST RUN CODE
04 EVENT MARKERS

NOTE: ALL OTHER WORDS ARE UNUSED. 5

FIG. 9 DATA FRAME FORMAT




Tvo aircraft, tail numbers 66-15250 and 67-15€91 were identically
configured for Piiase A as shown in Fiqure 10 entitled "Phase A Aircraft
Configuration". The starred (*) items are common to both aircraft in
Phases A and B.

In addition to the common items,aircraft 66-15250 was instrumented
to allow rockets to be fired from tie inboard pods durina Phase B, The
acconrodatina mounts for tha LVDTs were provided in the appropriate position
for monitorinn tie rocket nod motion., Angle of attack pods remained in the
nose and outvoard pod positions to monitor the airflow durino these
flignts. The LVDT and the angle of attack pod configuration for aircraft
6G-15250 is indicated in Figure 1V The common items shown in Fiqure 10
vere not reneated in Phase B confiquration drawings.

hircraft 57-15€91 was confiqured to allow the 2.75 inch rockets to
b2 fired from the outboard pods while monitorinag of the airflow pattorns
vas accomplished by the anale of attack transmitters installnd in the
inwoard nosition as indicated in Fiqure 12,

/. commosite Phase A and B confiquration ciiecklist for the two air-
craft is provided as a reference in Figure 13,

Six different angle of attack confinurations wera used in Phase 7
to obtain the desired aerodynanic flow natterns. These confiqurations
are suown in Figure 14 vwith the angle of attack transmitters dravn as
seen vy the pilot, The various anale of attack arranaements nrovided
information to determine: the flow pattern about the aircraft, the
optimal instrumentation configuration and aircraft anale of attack as a
function of dive angle and power setting.

Three Pnase B configurations for aircraft 66-15250 and two Phase ©
configurations for aircraft 67-15691 vere flown during the live firina
passes of the 2.75 Inch Rocket Program. The confiqurations can be seen
in Figure 15. Tihe anqle of attack transmitter positions are shown as
vieved by tne pilot,

4,2,2 {lectrical Confiquration

The electrical cabling Llock diagram of the data acquisition system
as installed in two AH-1G halicopters for the baseline test proaram is
depicted in Flaure 16. [xcept for the 28 VDC aircraft oower innut, only
the outputs from the junction btox are shown in this fioure,

The junction box is a central distribution point for all power and
signal information., C[ach signal line is easily accessible far monitorina
during calibration, preflight, and troubleshooting operations. Tie
junction box also contains power supplies to nrovide instrumentation
cnergizing voltages and the filtering networks required to minimize the
conducted, coupled and radiated electrical interference on the data lines,

Aircraft 28 VUC power to the junction box 1s controlled by a circuit

vreaker in tie pilot's comnartment. Tihe power is distributed to the tape
recorder and telemetry transmitter from the DAU connactors .S and J7,

20
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Angle of Attack Sensors

Left Cutboard
Left Inboard
Hose

Riqght Inboard
Right OQutboard

LVOT
Left OutLoard
Left Inboard

Right Inboard
Right Qutboard

Inertial Peference System

Altitude
Rate
Acceleration

Radar hltimeter

Infrared Jetectors

Hunsight Camera

Instrument Panel Camera

CORFIGURATION CHECKLIST

Pnase A Phase B(/C 250) Phase B(//C 691)

X X
X X
X )4 X
X X
X X
Y
X
X
X
X X Y
X X
X X A
X b X
X(Tringer b{ X
pulse only) |
X X X :
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respectively, when the LAU "power" switch is depressed on the control unit.
The UAU procasses the analog information available at connectors J9, J11,
J1G, and J19 and generates the multiplexing format, test code, event
markers, and time code, all of which is available at the output of the

VAU connector J10. The PCH data is distributed to the telemetry
transmitter from OAU connector J4 and is transmitted to tie ground station
via toe S-Band telemetiry antenna. Separate control of the tane recorder
is provided at the control unit.

The cabling diaoram included as Fiqure 17 shows tie analoq interface
with the junction box whiich inclules sixteen LVDT channels into connectors
J5 - J3, ten angle of attack transmitters channels into J11, four IR
detectors channels through J12 and J13 and outputs from the inertial
reference system into J10. The analog information is outout to the DAU
via connectors J1 - J4 of the junction box.

Tue cabling diagram for the contrel panel and aircraft camera systen
irterface is Jdepicted in Fiqure 18, The panel provides control of the
following four functions: (1) transducer excitation; (2) camera OH/OFF
control; (3) inertial referenca system excitation; and (4) yaw ayro caqinna,
Tiie test code associated with each test run is nroarammalle bLv sclectine
a binary combination of switches on the control nanel. This information is
recorded as digital data on the discrate channel D1 in the main data frame,

oy e U SN ibe « il

4.3 Instrumentation Aliqnment Procedurcs
4.3.1 Iaitial !lardware ‘ounting and Aliqnment 4

Initial instrumentation hardware aliqgnment was accomplishad in :
accordance with tie American Electronics Laboratory (AEL) prepared ]
document entitled "Test Plan for the 2.75 Inch FFAR 3aseline Accuracy
Test". This procedura was accomplisned at AEL's 'omwuth County Facility
prior to the prelininary flight tests described in paragraph 3.2. Upon
completion of the alignment procedure scribe marks were made on the LVOT
supports, the angle of attack pod extension tubes, the infrared detector
mounts, and the adjacent structures to simplify the remounting of tne
sensors in tin2 correct position during instrumentation channes.

Following the transfer of the aircraft to YP5 the instrumentation
hardware was remounted and aliqgned using the scribe marks as a reference,
The alignment was checked to prove that it was accomplisherd accurately.

Tie alignment of the aunsiaht and rocket launchers was accomnlishel
in accordance vith the followina procedure:

g a. Two plum bobs were hunq from hard points located or the
3 loneitudinal axis of the aircraft.

b. A line coincident with lonnitudinal axis of the aircraft was f
determined using a transit and siqhting the two plum tobs.
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c. The aunsitat was adjusted until the pipper was accurately
si-thted on the “"taraet" located on tne extended axis at a Jdistance of
apnroximately 100G incies.

d. Crossnairs vere formed at tac front and rear openinn of the
center tube of zaca launcuer,

e. The launchers were then adjusted until the center tube was
accurately aired at tae distant "tarcot",

4,2,2 Lawizaent Ali~awent Procelure

Toe following is a description of the procedures used durinn the
test to aliqn and adjust the various sensors and equipments used in the
aircraft instrumentation package.

4.3.2.1 Inertial Reference System (IRS)

The method used to properly install and calibrate the IRS required

that tie aircraft ve leveled, Thnis was done usina standard aircraft jacks
and deterining thz proner orientaticn usiiq a sensitive Lubtle lovel

placed un special leveling ulocks located in the ammunitinon compartrent.

Ouce it was determined timat the aircraft was level, power was apolied to

tne IRS system. !'onitoring the output synchro channels witn a digital
voltmeter connected to the analoq output connector on the 0% control unit
indicated hou far the system was out of trim, Shims vere then used to level
tue I1!S in pitcih and roll, A readina of approximately O VUC indicated the
gyro package was level. The aliganent of the system in yaw was not critical,
Centering the IRS platform in the mounting holes allowed an crror of only ¢3°,
Tais offset was of no significance because of minimal cross coupling onto

the pitch and roll erected axes. The yaw qyro was caaed to zero deqrees
wnen the azimuth of the aircraft was recorded on the aunsinht camera filn
znd any subsequent yaw motion was accurately indicated to within ¢,]

eqree,

An alternate metihod of aliqnina the INS would be to determine the
pitch and roll attitude of the aircraft and alian the platform to duplicate
tiie relative aircraft attitude. As an example the aircraft may be in a
+3° pitch position. [ach dinital bit in the synchro cnannel reoresents
3.09 dearees and each wit represents b nillivolts, Tiherefore the required
¢igital voltmater reading can be determined using the conversion factors:

(3 dearees) X (11.11 bits/degree) X (5 mv/bit) = 165.€ rv

Tne package can then be shimmed until tie digital voltmeter indicates
16C.6 mv output, Tiae IRS will tien be properly oriented in the pitch
plane. i similar procedure vould Le followed to adjust the system in tac
roll planc., Tiie outputs must Le checked in each plane vhen shims are
inserted and aqain wnen the unit is secured to its mounting frame,
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4.3.2.2 Anqle of Attack Transmitters (AAT)

Upon completion of tihe initial alinnment as describved in the AELSC
prepared test plan, tn2 yaw and nitch annle of attack indicators lie in a
plane perpendicular to the extension tube and are mutually oerpendicular,
(See Fiqure 44, paraaraph 5.1.5)

Tiie only adjustment necessary to alinn the pair of AAT {ransmitters
after insertion in th2 appropriate rocket tube is to align tne horizontal
nAT so tnat it is coincident with the aircraft nitch axis. This adjusimant
will automatically align the yaw AAT. Tae alirmment is made usinn a
sensitive Lutble Tevel on the snecially macnincd surface located in tie
rear of the ned shell, Folloving iz alimmont of th2 pod a car is
Alacad aver he 2axtensioa tubz Ao the rear of tne launcaer and a lockinn
LIC dravs o2 nod and cuwz assenciy feqetaer ia the launcher and sacuraes
it in pasition,

4.3.2.3 Iafrared uvoecacior

Tae raar infrarel detector mount rust Le adjusted so the I field of
viaw is cthe area irmediately ahead of the rocket launcher. 12ealiqnment is
reguired vnencver tie elevation anqle of tihe launcner chanqed sianificantly,
Tie adjustment is made by lossenina the bolt on the mount (See Fiqure 19)
until tne I detector and its adjacent mountina surface move freely. \ith
tue lauacier adjusted for the proner elevation anqgle, a flashlight positioned
directly opposite thae IR Jetector and moved forvard from tehind the Tauncher
sinulates the plure of an egressing rocket., It can be determined if the
detector is rmonitorina the area properly Ly connecting an oscilloscupe at
the output of tie detector. Tiie output can be monitored in the junction
box on terminal board #3. TDins ¢A and B are the output of the [ .letectors
on tihe lefi side of tie aircrafi and pins 104 and 8 are the output for tae
rigit side datectors. A nejgative pulse (-1.5 volts) should be noted with a
duration of 1.5 milliseconds when the liqght impinnes on the sensor, Tho
mount can be locked into susition by tightening the bolt wnen the correct
position has bLeen determined.

Tie forward IR Jdecectors located five feet anead of the rear detectors
can Lo ciiecked using the ligint and monitoring the output for a -0.5 volt
nulse,

There are no electrical adjustiients to be made on tie IR detectors
wnen tney are roved Letween aircraft.

4,.3.2.4 Linear Variable Differential Transformer (LVHT)

The LVUTs must de aligned in tie followinn manner. The metal band
around tie launcher is loosened until the rod counlina can rnove frealy,
Tne coupling is moved until the LVDT sensina rod (vertical and hnrizontal)
is perpendicular Lo the launcher axis. The band is then tiniitened. Tlor
the outboard launcher horizontal LVDTs only, the sensina rod is adjusted at
a 12° angle 4n order to clear the inboard pod,
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The LVDTs are adjusted for a null output by loosenina the housing fron
its mounting oracket (See Fiqure 20) and then adjustina the position of the
nousing until tihe outpui is zaro as indicated cn tie dinital voltimeter
connected {0 the control unit analog output jack. Tae housino is then
lockad tightly in this nulled position.

4.4 Preoflight Procedures and Instrumentation Calibration

Prior to each flight test, a conplete preflight check is performed on
cile instrunentation systen in accordance with the preflight checksheet
siovin in Figure 21, The data is rocorded on the checksiheet and compared with
the known standard values for eacnh output. If an error is found durina
the checkout procedure, a systematic troubleshooting procedure is followed
in order to determine tie cause of tie ervor. Troubleshooting usually
cormences at the junction uwox which contains all test points necessary
for monitoring tie sensor excitation voltages, tie sensor outputs and the
inputs to the Data Acquisition Unit,

A digital voltmeter and tie éunplied DAl testset is all that is
required co chackout, calitrate and troutleshoot a major nortion of the
instrumentation packane,

The Zata Acquisition Unit contains several internal checlis that readily
Jetermine its operational readiness. Toie calibration siqual is internally
generated and anplied to the analoq-te-dinital converter throunr: the
analog wultiplexer in the same manner as all otnar analon siqnals thus
checking total system operation, The diqgital multiplexer formats the
calibration data in tie CAL vord and is submultinlexad to include five
calibration Iavels. 7o calibration voltane can be checked usinn eitier
the testset or the control unit., If the testset is used, 'IPPD 12 and
FRAME G are selected to monitor the calibration voltaae, The calibration
switch can be switcied to any of tne five calilration voltaqe positions.
The alternate matiod of cinecking the calibration voltares is to connect a
diqital voltmeter to J1 on the DAU control unit. Selecting switch
positions 31, 32, 33, 34, or 35 monitors the calibration words 1, 2, 3, %
and o resnectively,

seigeuint VUL T, FRAML 10 er HSRD 12, FRAME 10 on toe testset will
monitor one half of the two part binary synchronization word, The first
vord wiien properly displayed is 110101101010 and the second word is 316010119100,
The test verifies that the data words are beina formatted nroperly into
tne data frame.

To coriplete the check-out of the JAU, WIRD 12 FRA“E 4 should be
salectad on tae AU testset. Pusiving EVOHT PARKER #1 will lioht the least
significant bit of the dinital word and EVENT !IAPKER #2 will light the
sacoml least significant Lit.

Lompleting tie cueckout of the DAV and findina that it is operational,
tie remainder of the instrumentation nreflialit can bLe parformed,
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IHSTRUMENTATION PREFLIGHT CHECKLIST
Mreraft lio, Phase Jato:
Aiqle of sitack *(hannel Leecation Catrat Y0/ .x)
Yave %3 15716 a1 /
Pitcih 15715 Pord 1 /
Yav, 2 575 Fod 2 /
Pten #2 573 Pod 2 /
Yavi #3 13714 ‘iose Pod /
Mtca 3 13/14 ‘lnse "od /
Yair i 7/3 o4 3 /
Mitcen #1 7/5 Ded 3 /
: Yau #5 17715 Pod 4 /
g Fiteh 15 17/13 Pod 4 /
Linear ifferential *HHainum Maxinun
J Variaole Transformer Channel Location Cutput (volts) Sutvut (valtis)
] 5 5 Pod 2/1 / /
, 2/6 6 Pod 2/1 / /
3/7 7 Pod 2/1 / /
4,8 g Pod 2/1 / /
9/13 9 Pod 3/4 / /
19/12 10 Pod 3/4 / /
11/13 n Pod 3/4 7 7 ?J
12/14 12 Pod 3/4 / / ]
Unit Reading/Value Checked
Pover Supply i1 +15, =15 VOC
Povier Supply #2 - +]5, -14 VIC
Power Supply #3 +22 YOC
Power Supply #4 : +22 ViOC
Nircraft Pawer 24 - 22 YDC
Telemetry Transeiitter 6C ua
Sync iord 119 11C101101010
Sync Hord 120 0166101170120
Calilration Yord #1 -H VOC
Calibration liord #2 -2.5 VDC
Calibration Word #3 0 VDC
Calibration Vord #4 +2.5 VDC
Calibration tord #5 +5.0 vnC
Aircraft Pitch 0.150 voC
Aircrafi o1l 0 vocC '
Afrcraft Yaw 0 vDC -
' Infrared Detector #1 -0.5 volts
: Infrared vetector #2 <1.5 volts
Infrared Jetector #3 =0.5 volts
Infrarad Letector #4 1.5 volts
Trigqer fulse +1.5 volts

*aries vita confiqurations, see Phase o or L word assignment sheet,
rin. 21
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The anale of attack transmitters are rotated to tie extremes and the
voltages read on a diqital voltmeter. Usine the minirum and rmaximum values
the scale factor can Le computed and compared with the known scalz factors
used by the computer to decormutate and convert the data to enninearina units,

Ihe LYUGTs are ¢accked by movina the LYUT rad one inca eitner sida of
the null position and calculating the scale factor. These readings can
also be compared with known scale factors.

nircraft power is checked to determine if the power is available to
operate the DAU and recorder. Internally generated power sunply voltanes
PS1 - 7St are checked for fie indicated outputs. These power supplies
pravide che proper axcitation veltage t6 various traasducers.,

Tae S=band telametry antenna is checked only tc deteriine if there is
radiation fror it.
The IS gyro pitcii, roll and yaw can be evaluated using tie control unit
and digital voltmeter. itn the aircraft on the qrournd the roll channel
will indicate approximately 0 VUC. Uialing the appropriate data word for
the yaw synchron vill snow a random voltage. Switcning "on" the caoce switch
on the control panel will bLring the reading to 0 VDC. On the arnund toe
nelicopter will not be level in the pitci position. The position varics
from aircraft to aircraft and is dependent on landing surface and skid
slip. An output in tne range of C to 150 mv could be exnected indicating a
pitch position Letween 0 and +2.4 decrees.

The infrared detector and trigqer nulse transmitter can be best
monitored at the junction Lox using an oscilloscope. Pulling the trianer
will give +1.5v pulse on both IR channels. With a flashlioat the IR
channels can be stimulated. Flashina the 1ight across the narrow
opening will produce a -1.5 volt nulse from the rear detector and a
-.5 volt pulse from the forward detector. As a final check several
ninutes of tape can be recorded. A cneck with tihe oscilloscope will
deternine if data is being recorded on the tape.

Tie sensor word assiqnments for all confiqurations of Phase A and U
are sliovn in Fioures 22 and 23, Tiie sensor outputs assianed to the A
words are sanpled 1000 times per second while the B vords are sampled
100 times per second. Jescription of the data frame ind tic arranqgement
of the words in tue sampling sequence arc described in paracraph 4,1.2.

Figure 24 provides a reference to be used durina nrefliqht and
trouvlesnooting checks during Phase A testing. The sensor and DAU
assigned word is snown in the Phase A reference 1ist for confiquration 3.
The DAU channel select column indicates the position of the thumbwheel
switch on the LAU Control Unit to monitor the assiqned word, The switch
selects tne cnannel that is converted back into an analoq voltane availatle
at o1 on the control unit. The sensor output nas tiaen bLeen converted into
the diqital representation by the DAU and then reconverted Lack o tie
analoqg voltage for disnlay,
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PEASE A DAU WORD ASSIGNMENT

PHASE A CONHFISURATION

SLHSOR 1 2 4 6 7 12
In Vetector (Left) Al Al Al Al Al Al
ateral Accelerometer A2 2 A2 A2 2 A2
ertical Accelerometer A3 A3 A3 A3 Lk} A3
Fore/Aft Accelerometer . N 4 A4 A M Y
IR Detector (Right) AS AS AS A5 A5 A5
o011 Rate NG Ab Ab AE Ab h6
Angle of Attack (#2LP) B6 BG B5 B5 BE-11/185-]" B5
Aingle of Attack (#2LY 35 B85 BG be R6=-V/B5-Y B6
nole of Attack (#4°P B8 b8 B7 67 B7-1/838-H B7
nole of Attack (#4RY) g7 87 58 83 B7-V/563-V B3
ngle of Attack (#3!P) B14 814 B14 | B13 B14-1/B13-H] Bl14-1i/B14-H
Angle of Attack (#3!Y) 13 813 B13| B4 B14-V/B13-\} B14-V/B13-V
ngle of Attack (#1LP B16 B15 B16| B16 8165-H/B1€=-I{] E1€
inqle of Attacic (#ILY 315 B16 BI15{ B1S B15-Y/B16-V§ B15
\nqle of Attack (#5°P) B18 B17 B18 | B18 B13-ti/B17-1l{ E18
Angle of Attack (#GRY) 317 Bi13 B17 | B17 B18-V/B17-Y}| B17
\ircraft Pitcn Bl b1 B1 Bl bl bl
Aircraft Roll B2 b2 B2 G2 B2 B2
vircraft Yaw B3 B3 B3 B3 83 B3
Yaw late A7 A7 A7 A7 A7 a7
Pitch fate B4 B4 B4 34 L4 B4
i. 22




PHASE 0 DAU HORD ASSIGKMERT

FIG. 23

CONFIGURATION
SENSOR 5 8 9 10 1
I Jetector (Left) Al Al Al A |
Lateral Accelerometer A2 A2 A2 A2 A2
Vertical Accelerometer A3 A3 A3 A3 %]
Fore/Aft Accelerometer MM Al X} ra N
IR Detector (Rigiht) A5 AS AS A5 A
011 ate AG AG a6 N6 AG
LVOT - LIiF BS b5 8o bS 5
LVDT - LVF 56 o 86 BG BC
LVDT - LA 87 £7 B7 B7 o7
LYOT = LVA B8 B3 B8 (M 89
LYDT - RHr B9 BS 83 B9 L5
LVUT - RYF 319 Ll B1d B1C B10
LYUT = &HA 811 g1 | BN 3N INR
LVLDT - RVA B12 g12 { B12 B12 512
Angle of Attack liose Pitch B14 B14 | D13 B14~H/B13=l { Bl4-ii/013-ti
Male of Attack llose Yaw B13 D13 | Bl4 B14-V/B14-V | Bl14-V/814.YV
Angle of Attack Left Yaw B15 BI5 | B15 016-V/B15-V | Bl16-Y/B15-V
Angle of Attack Left Pitcn B16 Bi6 ; Bl6 B15-H/B16-1i ! C15-H/B16-4
Aingle of Attack Right Pitch c18 B18 | G138 B18-1/B17-il { B18-H/B17-H
fingle of Attack Right Yaw B17 B17 | D17 £18-v/B17-V | BI18-Y/G17-Y
Aircrafi Pitch 81 Bl 5] bl Bl
Rircraft koll 2 2 B2 c2 02
Aircraft Yaw B3 C3 L3 B3 B3
Yaw ‘ate A7 A7 A7 r? A7
LPitcn Jate 84 1 B4 B4 ta ) vl
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The VAU Test Szt tlord-rrame is the word scquence in the row and
column respectively that is selected to monitor the sensor input on the
tost set, Tie test set display consists of 12 lights each representinn 2
vinary bit in tne 12 bit data word. Each data word consists of ten data
bits nlus sign and narity, Th2 digital outnut can be compared with the
anilog input by determininn the number of counts represented and then
multiplying bv 5 nillivolt/count., The least sianificant bit (L50)
reprasants one count and 2ach succeadina bit reprasents 2, 4, 3, 15, 32,
64, 1.5, 296 and the most siqnificant bit (('SB) renresents 512 counts.

The coelura entitled "Junction pox" indicats tue terminal Loard pins
in one junction box wierce the indicated sensor inputs can Le rmonitored durian
che preflicit ciiecks,

i similar reference list for Phase B is suovm in Finure 25, Confinypation
% is indicated for 3ircraft €7-15€91 and confiouration S is indicated for
aircraft 66-1525C. The other Phase B confiqurations have sliaht variation
in tiie anale of attack transmitier channels wivich can be readily determined
vien the chart is used in conjunction with the Phase "4" Sensor Confiqurations,
Fiaqure 15,

.0 Iastrumentation Equipments

5.1 Ueveloped Instrumentation

5.1.1 Infrared Jetectars

To perform a complete and accurate data analysis of the 2.75 incu
rockct system, it is necessary tiat tiie tine of trigger, tae precisa time
of rocket eqress from the rocket launcher, and the averaqe velocity of
tiie rocret with respect to the aircraft Le known,

An infrared (IR) detactor system of sensors was developed and fabricated
by American Electronics Ladoratory (AEL) that accomplished all of the alnve
mentioned requirenents. The infrared datoctors vere designed to sense
tue rocket exinaust plume as the 2.753" rocket passed throuah the narrow
vindow aperture. An IR detector is shown in Fiauyre 26,

Four IR sensors were installed per aircraft (See Phase A Aircraft
Configuration, Figure 10). Two of the detectors, the "rear INs", were
mounted in sucih a manner that the rocket would be detected immediately
upon eqress from tice launciher tube, The "forward IRs" were positioned
five feet forward of the rear sensors. The time required for the rocket tn
traverse the distance Letween adjacent IR sensors gqives an estimate of the
average velocity of the missile at the time of launch,

Two 4ata coaannels werc allocated, one each for the left and riaht
sides of the aircraft, and cach channel recorded the triqacr pulse nlus two
IR passage pulses for each rocket fired. The triagger and IR detcctor
pulses vierc differentiated Ly the ECO!* installed hardware and produced
a narrov. (1.5 millisacond) pulse for each event to reduce time of occurrance
ambiquity. A uniform width pulse compatible with the 1030 iz multiplaxer
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sanpling rate was nencrated with thc amplitude dependent on the data
source. Since two IR detector strobes plus the trigger pulse wvere all
recorded on a single cnannel for cacn side of tne aircraft the varied
amplitude served as 3 positive means of pulse source identification other
than toe sequence of events. The trigger pulse was +1.5v in amplitude.

Following the succassful bench test of the IR detectors Ly AL, two
tests were performed at Picatinny Arsenal on 16 and 24 November 1970,
Several 2.75" rockets were fired to check the operation of the sensors. An
analysis of the results from the 16 November test indicated that the
sensitivity of the units was ton high and the low temperature compensation
was inadequate. ilesults from the test of 24 ilovember proved that the
sensitivity provlem was corrected but the low temperature compensation
Jeficiency remained. On 3 Decemver 1970 additional tests verificd that
the temperature of the rocket plume was not 2503°K as anticinated. The
senscd wavelength was determined to Le in tie 2 - 3 micron range. A re-
desinn of tiie units was acconplished usinn lead sulfide nho%ocells type
numuer £3-8321 to detect tie presence of the IR at this wavelerqth., Bench
tests again proved the system operational and further static fire testina
was arranged. Ourino the scheduled test on 29 December 1970, the gain of
the IR datectors was set and an intearatinn capacitor :as included in the
circuitry of the first amplifier to reduce the susceptibility of the system
to small caanges in tiie temperature, This modification eliminated the
numerous pulscs that occurred as the rocket passed the sensor and resulted
in a single easily racognizable pulsa. Six sets of rockats tere successfully
fired and data recorded to conclude the IR static testing phase.

he specification sheet for the IR Industries Inc. Plate Type Lead
Sulfide Jetectors is shovn in Tioqure 27. Tyne o3-5%21 iletectors vere
used to detect the IR in the rocket plume. Environmental and operational
characteristics for the detactors are shovm in Fiqures 28 and 29,

The electrical schematic for the fabricated IR detector and triner
shaping circuit is shown in Figure 30 with the parts identified in the
AEL Parts List pages 49 and 50,

5.1.2 Control ranel

vontrol of the instrumentation equipments, except the CAlU', is accomnlisii-
ed tarough a specially designed control panel, Tihis panel and the LAU
control unit (CU), both accessible to the co-pilot, nrovide control of
all instrumentation except for main power to the digital recorded. The
DAU control unit was described in section 4.1,

The control panel as installed in upper left portion 2f the co-pilot's
instruientation pancl is shown in Fiqure 31,

Tine control panel as snown in Fiqure 32 provides the followina functions:
a, GYRO Pun Apnlies 28 VDC to the inertial refercnce

system (INS) acceleromcters ani ipviri-
ers.  Tha iswvartors nrovide the &0 ViAo

a4

¢ b i ik s e,
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These Infratron Lead Sulfide Photoconductors are available
for immediate shipment from stock. They offer equivalent
performance to custom-designed detectors, but at
production quantity prices. Just select the detector to fit your
requirements and order by Type (Table 1) and Size No.

{Table 2). Delivery is within one week.

SPECIFICATIONS

TABLE 1 TYPE 81 TYPE B2 TYPE B3 TYPET1 TYPE T2

Ac i 2.90 290 290 255 © 255

TIME CONSTANT <60 60 - 150 150 - 250 > 300 > 300
RESISTANCE 5-15 5-15 5-15 50-100 5-20

D* (500, 750, 1) 20-30x10% 32-45x108 50-80x108 20-28x108 20-28x108

D* (PEAK, 750, 1) 20-30x1010 32-45x100 50-80x1010 7.2-10.0x 1010 7.0-10.0 x 1010
D* (500, 1500, 1) 27-42x10%8 36-55x108 39-6.5x 108 14-20x108 14-20x108
D° (PEAK, 1500, 1) 27-42x1010 36-55x100 39-65x1010 51- 7.0 x 1010 §1-7.0x1010
D* (500, 3000, 1) 32-50x108 30-46x108 29-45x10% 10-1.4x108 1.0-14x108
D° (PEAK, 3000, 1) 32-50x1010 30-46x1010 29-45x1010 36- 50x101% 36-50x 1010

A ¢ (microns) — Spectral point at which D° [cm (H21%/watt] — Detectivity as

the response is down to 30% of measured under following conditions:

maximuem. Source — Monochromatic peak

Time Constant (i sec) — Time required (2.3) or S00°K black body

for the signal to build up to 63% of Moduiation frequency — 750.

maximum when exposed to square- 1500, or 3000 Hz

wave-modulated radiation, Bandwidth — 1 Mz

Resistance (megohms) — Electrical im-

pedance per unit aree. 008001 e yostruction —
TABLE 2 L —

AVAILABLE SIZES FOR TYPES B1, B2, B3 R WINOOW {QUARTZ)
SIZE SENSITIVE AREA SUBSTRATE SIZE p >w

NUMBER L x W (INCHES) (INCHES) 003 STRANDED INSULATED WIRE

= TROD!

SA1 .010 x .010 250 x .250 < A\ ! 23:0 ELEC €
SA2 020 x .020 250 x .250 <> g~ CLEAR AREA

SA2 .040 x 040 250 x .250 P .

SA4 080 x .080 .250 x .250 SUBSTRATE (OUART2)
SAS .080 x .080 250 x .250 ~————LEAD GROOVE
SAS8 120 x 120 250 x .250 HOW TO ORDER:

Fod poedodpiod 250 %250 Yo order Infratron lead sulfide detectors, seiect
SA9 240 x 240 375 x 378 :m:odo from Table 1, and a size code from
8A10 .320 x .320 500 x .800 '

For example, from Table 1 you might select type
8A1t .400 x .400 .500 x .800 B3 because of its greatest sensitivity with long
SA12 010 x .040 250 x .250 wavelength response; then from Table 2 you
SA13 040 x .080 250 x .250 would select size SA1 because of the need to
8A4 040 x .120 250 x .250 obtain the smallest possibie sensitive area for
SA1S .040 x .160 250 x 250 compatibility with system optics.

—ge SA21 010 x .100 .250 x .250 You would then order in the following mannor:
AVAILADLE SIZES FOR TYPES T1, T2
SA18° .080 x .000 250 x .250 Quentity Description
SA17 180 x .160 250 x .250
SA18* 010 x .040 250 x .250 (specity) iInfratron Detector 83 - SAt
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Characteristics, Environment and Operation of Infratron Detectors
2.3

NOUBTRIES. INC

Typical Characteristics of Infratron Lead Sulfide Detectors For 2T
Steradians Field of View, 298°K Background Temperature

RESISTIVITY VS. DETECTOR TEMPERATURE

1000 T T
] 1
£ FIGURE 1-1
E_
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Characteristics, Environment and Operation of Infratron Detctgt:

Typical Characteristics of Infratron Lead Sulfide Detectors For 2°T"
Steradians Field of View, 298°K Backgroud Temperature

RESPONSIVE TIME CONSTANT VS. DETECTOR TEMPERATURE
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and 115 VAC 400 cycle for syncarn
refarence and excitation for the
position and rate ayros.

b, GYRO ZEROING "Cages" the yaw gyro when placed in the
"zeroing" position. In the “off"
position the gyro operates normally and
is free to drift at a very slow rate.

c. TRANS PR Provides excitation voltaqge to the
Angle of Attack Indicators and Linear
Variabla Differential Transformers,

d. CA : Provides contrel of tihie quasiqit and
instrument panel cameras.

e, LINRY CODED SUITCHES Provides a method of codinn each *ost
run for 2asy identification durinn
Jdata analysis. The battery switcn
provides a 9 volt level to each of
tie eleven code identification switcaes
on the panel. 'hen a code switch is
*on" 9 volts are apnlied to a particular
bit in the discrete vord 01 in tho
data frame, Durina the data analysis,
the computer converts the Linary coded
switch closures into the run aumber,

Panel lichts are provided over the qyro, transducer and camera switcres
to iudicate an "on" condition, N

The electrical schematic of the control panel is shown in Fiqure 33,
3.1.3 Instrumentation Pallet and Junction Box

Tvio All=1G aircraft were instrumented and wired by ECOY to be used for
the 2.75" liocket Mrogram, Since data would be taken and test flialts
scheduled for only one aircraft witn the other serving as a back-up, a
systen design was devised that would permit a complete instrumentation
exchan~e within a day. The exchanqed items included the data acquisition
syster. and the anqgle of attack pods. Tiie wiring narness and instrumentation
transducers were duplicated and interchanqeable between aircraft.

In order to minimize the time for exchanqing the sinqgle data acquisition
system, an instrumentation pallet was fatricated that would mount in two
slides provided in the ammuniticn compartment of the aircraft. The
data acquisition unit (DAU), diqgital recorder, junction Lox and telemetry
transmitter were mounted on the removable pallet, as shown in Figure 34,
The cabling between tie units remained intact durine the channe-over
procedure. Figure 35 shows the installation of the pallet and cquinment mountod
in the ammunition compartment, prior to final lacing of the cablina,
Removing four locking pins allows the data acquisition pallet to move
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FIG, 34 INSTRUMENTATION PALLET

55




~——

ST

14vyOY¥IvV NI NOILVTIVISNI 1377vd G€ “UId




freely in the slides. UVhencver a reel of naqgnetic tape was changed or
calibration was to Le performed tie pins could be removed and the pallet
pulled out from cither side of the compartment into a 7004 workina
position wiciout removing any cabling.

The junction box, shown in Fiqure 36 Lrought all subsystems of the
instrumentation system tojether. The box contained all power supplied for
transducer excitation, filter networks to reduce amtient noise levels and
test points for monitoring the complete system. All transducer outputs wvere
crougit into the box prior to being routed to the proper DAU channel. By
removing the side panel as shown in Fiqure 36 all test points Lecare
accessille for case of calibration and troubleshooting checks.

The Phase T confisurations avre diffarent from those o€ nase i as
nas becn previously Jdescrided.  In order to eliminate several of tae
aurle of attack innuts and replace ther vith LYDT inputs, some anale ¢¥
attack inputs to the terminal bLoard were removed, taned and tied back.
Junyer vires viere routed from the LVOT terminals to the vacated (input
side) AT terminals. Following this nrocedure LYDT data information was
available on previously designated AAT channels as required,

D.1.4 LYDT Support Qrackets

The LVYDT scnsors, vere provided %o accurately measurc the relative
movament of the rocket launcher during Phase U testing of the 2.75" locket
Pronram. Tne supports, Fiqures 37 - 40, were desianed to minimize the
novement of the LVETs with respect to the airframe., Tae supports were
volted to tie airframe via several hard points and throuach compression
rods joined tie left and right hand support structure into a unified
rigid box asserbly. The structure was completely independent of the
aircraft wing and the rocket pod assembLly, ODue to the rigidity of the
system all movement indicated Ly the LVDTs was attributed to the motion of
the launciiers relative to the aircraft inertial axes. Vibration testina
of the various points of interest support this assumption,

5.1.5 nncnle of Attack Pods

The annle of attack pods were specially designed and fabricated
Ly Anerican Clectronics Liboratory (AEL) to meet the following require-
ments:

a, Eacih nod was to house two rutually perpendicular annle of attack
transmitters,

L. Tune pod should cause minimal airflow disturbance auvout the
aircraft durina the flignt tosts.

c. Tie pods must Le rcadily interchanneable betuween aircraft.
d. Tive pods vere required durina Phase A fliant tests, 0One nod

rmounted from eacli of four rocket launchers and the fifth extended into tne
airstrear in front of the nose of the aircraft.




FIG. 36 JUNCTION BOX INSTALLATION
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e. The pods should Le easily and accurately aliqned in the nitch and
roll axes.

Two angle of attack pods are shovm in Fiaure 41, as they were installed

in aircraft 37-15691 for Phase A testina. In paraarana 5.1.5 several otner
views of tine pod installation arc snown,

EREEAR T TR e T

Tae nose pod is smown in Figqurc 42, Tne pod was located in a position
approximately 13" below the aircraft nose so that the Pitot reading would
not te effected.

S T T AT e TR T AR TR e

5.2 Mrocured Instrumentation
1 5.2.1 Anale of Attack Transmitters

The angle of attack transmitters are specifically designed to
measure the angle between the ajrcraft coordinate system and the
relative airflow in a plane perpendicular to tie sensor probe,

For the 2.70" Bocket Pronram, ten annle of attack sensors are mounted
on the aircraft as shown in Finure 10 Four sensors measure the angles
Letween the lonnitudinal axes of the rccket pods and the relative airflow
in front of the pod, A fifth sensor mounted in the nose of the aircraft
measures a similar angle at that point. These anqles are in tnhe yaw plane
of tone aircraft. Tive additional sensors are mounted horizontally to
detect relative airflow information in the pitch plane of the aircraft.

R T T —

Tae tiheory of operation and the mountine dimensions of the anale
of attack transmitters are indicated in the Teledyne, Inc Lrochure,
pages 67 tnrouqh 69,.

The Teledyne angle of attack transmitters were selacted for use in
tie program Lzcause of tizir niqa accuracy, 100d fraquency resnonse and
reliability. The units weigli only 2 nounds 2ach and can oe mounted in
suco a manner that only tie probe extends into the airstream, For
installation on the All-1% helicopter each angle of attack was housed in
an aerodynamic pod designed to minimize disruption and turbulence in toe
airflow. Tue anqle of attack as mounted ir the nod cat L2 seen din
Fijure 43, Tiae angle of attack transmitter specifications are listed telow:

MINLE OF ATTACK TRANISTITTER SPCCIFICATION

ACCURACY t 0,1 deqrees
SENSING DANGE 70 knnts to Mach 4.5
ULIGHT 2 Mounds

AGULAR RANGC 50 Uenrces

CUTPUTS 2 Matentiometers

WEATER (If Nenuired) M or OC




SG0d *1JvilV 40 370NV Ly "UId




.

e |

A" - "’i.

NOILVTIVASKI %OvilV 40 375Ny 3sOi 2y °"Old

65




NOTLVIIVLISHI

YILLIHSNVYL AJVLLY 40 JTONY €Y “OId

. P N
ki el o Gadiacic s LR,




S N 1Y,

s

B

TELEDYNE, INC.
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PRINCIPLE OF OPERATION

A conical probe extends through the aircraft skin perpendicular to the flow of air.
The probe is attached 1o a paddle inside the transmitter housing. The probe and
paddle are free to rotate. Two sets of slots in the probe allow pressure variations,
caused by changes in airsiream direction, to be transmitted through separate air
passages to opposite sides of a paddle chamber. When the pressure acting on one
side of a paddle is greater than the pressure on the other side, the paddie and
probe rotate until the pressures are equal. The probe thus positions itself to
determine the angle of attack of the aircraft. The probe also drives the electrical
pick offs such as potentiometers or synchros.

PADDLE

PADDLE CHAMBER

POTENTIOMETER

DESIGN FEATURES POTENTIOMETER

RESPONSE Low moment of inertia and viscous damping derived from the resistance of the
internal passages 10 air flow produce a fast, non-oscillatory response at all operating

speeds. As a result displays are enhanced and completely flyable under all flight
conditions.

MOISTURE PROOF  Heat and ventilation prevent condensation. Ingested moisture is trapped inside the
probe and rapidly drained overboard through drain holes aided by a drip ring.

ICE PROOF Ice removal and prevention is achieved by an electrical heater imbedded in the
leading edge of the probe.

MECHANICAL Excellent mechanical strength results from the conical shape of the probe and the

STRENGTH generous size of ball bearings and shaft. Structural portions of the probe are

stainless steel. Endures all normal service use and handling.

68
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5.2.2 Lincar Variable Uifferential Transformer (LVYDT)

The LVLCTs, as used in the program to measure relative motion of
tne rocket pods, were described in paraqraph 4.3.2.4.

The Sanborn units vere sul:cted four tuc proaran bacause of Laeir
suall size, ruyged construction, high accuracy, sensitivity and data
stability.

h complete description of the units, the taeory of operatiop; outline
drawing and specifications are described in the brochure provided Ly .
Sanborn Civision of Hewlett Packard (See Pages71 throuch 75).

Fiqure 20 saows a typical installation of the LVOT Moldel 24DCDT-1093C
on Lue LYLT supports used to reasure rclative motion of the rocket launcii-
er in the vertical lirection,

5.2.3 Inertial lReference System (IRS)

The inertial reference system (IRS), Humphrey Inc. '‘odel CF 32-0221-1,
vas sclected for tihe 2.75" Rockel Proaram Lecause of its ra2ady availatility,
srall space regquirenent, low weight and its ability to meet the rinid
accuracy snecifications. The IIS specification sncet is included as
Tingure 44,

Tae I5S is a self contained packane includinq nosition qyros,
accelerometers, rate qyros and cower supplics which onerate in the specified
tenperature and vicration environment, Fiaures 45 and 46 saov. tae
intornal construction of the IS with the case onened., Jutline dimensions
are presented in Figure 47,

A unit nad to Le selected that could be physically located close tn
the aircrafi's center of gravity. The installation in tihe aircraft
closest to this point is benind tie pilet's seat as snown in Fiquro 48,
Tie packace vias mecininically and electrically levelzad in ordar o aliam
toe tiiree 1.8 axes (rcll, pitch and yaw) with the throc axes of the
aircrafi.

Toe mit 15 norially prossure tinkt at all tines, as indicated on tac
specification sacet., However, during flicht tests at YPh tho temperature
exceeded Lne specification 1imits and several internal nowar supply failures : i
resulted. It was determined that a circulation fan was required in the IS .
and the installation of the fan solved the high temperature provlen.

4 st e

dencii testing of the system could be nerformed by monitorina the . : i
desired output witin a digital voltmeter and manually altering eitner =
position, rate or acceleration fislds with the appropriate calibrated equin- :
ment. Toe electrical sciematic is shovn in Fiaure 49, 1

‘
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DISPLACEME N
TRANSDUCERS
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DESION FEATURES

e

. e High Resolution

e Zero Hysteresis

" e Linearity Error Less than 0.5%

® Built-in Carrier Oscillator

® Built-in Phase Sensitive Demodulator

® DC Input — DC Output

® No Phasing Problems

e No Harmonic and Quadrature Null Problems
® Easy to Use '

CONDENSED SPECIFICATIONS

JMMMDCWWMNMr
displacement.

INPUT: Displacements of 2:0.050" fo =:3.0" full scale.

Figurd 1. Model 7DCDT-050

SENSITIVITY: Series 7DCDT: Full scale ovtputs from 1.5 VDC
{for -0.050" stroke range model) to =5 VOC {for :3.0” stroke
range model). Requires 8 VDC nominal excitation,

Series 24DCDT: Full scole outputs from =4:5 VDC (for +:0.050"
siroke range model) 10 =:13.5 VDC for (::3.0" siroke range
model). Requires 24 noming! exciation.

- SIZE AND WHRIONT: Series 7DCDY: 075" diameter x 081"
R long to 075 diameter x 10.50” long; 22.6 to 208 grams.

I A
| 1
' |
)
Series 24DCDT; 075° diameter x 0.88” long to 075" diometer — oo [T
L [l %€
N

x 10.52” long; 23 to 208 grems. [

]
1

TYPICAL USES: To measre, monitor, ond/or control mechan- !
col displacements where high accuracy ond resoiviion are |
[

'

1

desired.

mmdmumm,w
ion indicotion ond/or position-feedback In control systems; = == —ececccccomeaocos

o
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DESCRIPTION
The Sanborn 7TDCDT and 24DCDT Series of dis-
placement transducers are linear variable differential

when heedlinurl{dongtheuiludwithinthe
bore of the coil assembly, produces s
in the output proportional to the displacement. Bo
series of transducers are available in seven stroke
. Cores are available with either a 0.001° or
0.013" radial clearance between the coil bore and core
OD:; and with (1) an integral core extension rod, (2) a
tapped hole at each end, or (3) a blind hole at each end.

THEORY OF OPERATION
A DCDT eoil n-embx consists of a differential trans-

which is used to excite

Suced 35 the Fach of the-two
Tolwave e s wn TG Siter. Thse weandary
Sovultant ot 1a. DC vortagy proportional o the
core lacement from center. The

PERFORMANCE CHARACTERISTICS

Thfmmdu;t&ﬂdlhudwomuhmdm .

uhdouhipl.toﬂm.' uencies can be approximated

If less ripple is desired, additional external filtering
may be added, but s consequent loss of troquanoay
response should be expected. If, on the other hand,
better frequency response is ired, DCDTs with
networks having shorter time constants can be sup-
plied on special order. Then, if the ripfle is excessive,
the user can add an external network with r
cut-off characteristics than those ordinarily su;a)

as an integral part of the transducer. The sensitivity
specifications listed on page 4 are derived from tests
taken with the transducers operating into an infinite
impedance. For other values of load impedances, the
output impedance of the DCDT should be taken into
consideration. Typical output characteristics are
shown in Figure 8.

o o
i
% 104
=N INCHES ——
—_—
/
% * L
7 —smoxe

I rod :but lmurl ucer
is theoretieally infinite, ng&md only by the
read-out device. n.uoamc -050innufvdth
5%"‘“"&.."”1 ; e har: the soralivity of the syatem
€0 reamplifier, the se| o
will beup a divirion stylus deflection for a 0.001
inch displacement of the ucer core . If con-
nected to a portable Sanborn single channel Model 269
recorder, the maximum sensitivity would be a three
division stylus deflection for a 0.001 inch displacement
of the transducer core.

Nominal excitation is 6 VDC, 20 milliamps for the
7DCDT Series and 24 VDC, 38 milliamps for the
24DCDT Series. These values are the basis for the
listed ifications. The excitation vo range
for TDCDTs is § to 7 VDC and 20 to 28 VDC for
“Dco?a “&&3"@ lneeoril:’rf:.ncﬂonof the ampli-
tude ex voltage. percentage change
in scale factor as & function of the excitation voltage
will not exceed the percentage change of the exeitation

APPLICATION CONSIDERATIONS
The TDCDT and 24DCDT Series have identical
24DCD seusitivities




INSTALLATION AND OPERATION

DCDTs are easily installed. The core should be con-
nected to the moving member and the coil mounted
to a mechanical reference point in a device such as a
Sanborn T§2-8 Mounting Block, tubular clamp or
limihr?xtu::j Thom:olznt?ﬁm should luv:&:—
visions for ulting mll‘&l
ment between the coil and the core. Connectlon to
the moving member is accomplished by coupling the
moving member to the threaded connecting rod
(standard models) or to the core by means of an
extension rod T18-19P1 or -19P2, see back page. The
extension rod can either be or cemented to
the core, (using LOCTITE Sealant, Grade A), de-
pending on the core type. The mountmg hardware
should be made of non-magnetic materials such as
brass or 308 stainless steel.

Two different diameter cores are available; the 0.120-
inch diameter core makes a sliding fit when inserted
mto the coil s0 tlnt the coil may be used as a su|
rting bearing. In some applications, icularly
wbere [ line alrady been established by two or
more pom he lack of clearance when using the
0.120-inch core may make it difficult to
the core with the coil bore. In this case, the
0.098-inch diameter core is recommended as it will
provide 0.026-inch diametrical clearance between the
eoll ID and the core OD. After the transducer has
been installed, the core and coil should be adjusted
for radial :hgnment and then seroed.

Figure 4, Typical Application

TYPICAL APPLICATIONS

Fgure 4 shows an lication which ineludel Y
Sanborn 'I’l’s-llﬁ‘m g

uently the transd:
mid & which is moehiniul

. ortheeoreisthm mduhllyuntil

the meter reads sero. The core then be axially

tolyhthoeuwofthneoﬂNo

, phasing, quadrature rejection or

other usual adjustments for differential transformers
are required.

The ecombination of a Sanborn DCDT and LVsyn
M%MW) is often used in servo
systems. An example is a hydraulic

*Proper excilation polarily must be obeerved. Reversal
of excilation leads will burn out the primary circuils.
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Figure 5. Sanborn transducers as sensing devices in o
closed-loop servo system

servo control system shown in Flcure 5. Tho DCDT
provxdea spool position feedback and the L Vsyn, spobl
velocity feedback for servo stability. Another example
is th:er use of a DCDT A;d LV, h::"mbimtipd& l:n(.l
counter-measure system provi

velocnty feedbuk in the magnetron magnet

Ny te data sheet daerlblu

gnbom LVsynl is available on request.)

CONNECTORS AND ACCESSORIES

All DCDTs are supplied with 187 long

t.eﬂon msulated leads. 7TDCDTs are also & with
Amphenol Blue Ribbon $126-217 Connoeton

vxz 7DC T-050-C1, ete.; and 24DCDTs with 7

Amphenol #126-195 connectors vie., 24DCDT-0

DCDTs should be energised
power source. 115 volt.
6- and 24-VDC Power Supply Models TPS-11 (w

and TPS-12 (24 VDC), with convenient T'ra:

and Signal output connectors on the front panel, are
designed to provide excxtation for DCDTs. Standard
banana jacks with 37” core are also mounted
on the front panel (F} 6) so thnt thua nmh may

be also used as suxili

supplies have the r“cllyté to  five D&vu
The T41-11 Multlp D’ Powor Supply Adapter
(Figure 7) perm his capability by
providing ﬁve excltatxon and tnnldueu output chan-
nels with individual sensitivity adjustments.

Sanborn Portable Power Supply TPS-10 is a handy
source of 6.5 VDC for unewhen 15 VAC is not rﬂ
available, see 8. A da

power supplies and the a.d.lptcr is :vnihblo on request.

Sanborn mounting block, core extension rods and
extension rod coupler accessories for DCDTs are de-
scribed and illustrated on page 4.

ASSOCIATED READOUT INSTRUMENTS

For maximum simplicity and ", output of
DTS ean be fod directly o 8 mm’mwm

will give a Tvﬂ indiution hd “
eondiﬂon%equﬂpm tormdin(

ual, 4, 6, or
roeordin.lgc';- oddmmmdhl
oltmeter, HoddMlBlnmﬁuDum
golm a:oy Autograf high input impedance

Fora mhdnmhdthmmmm
of Sanborn, Hewlett-Packard and other instrumenta-
tionlvnihbhlorunwlth&nbonmndm
consult your nearest Hewlett-




24DCDT- 124DCDT- [ 24DCDT-{ 24DCOT- | 24DCDT- | 24DCOT-
100 250 500 1000 2000 3000

Pull Scale Output
voo) 0 7.0 128 180 14.0 13.0

Seale Facter v/in 20 » 40 (¥ 48 23 1.4
[ Maximem Now-

° 28 23 180 70 A3

*03 | 05 | £05 | 05 | +05 | 05

240CDT-
0%
50
o et by | 4090 [ 4100 | +.290 | 900 | £1.000 | +:2.000 | +:3.000| £.080 | +.100 | £.250 | +.500 | 1.000 | :2.000 | +:3.000
100
£0.5
2

“Exclietion Vellage

Ve oet o | ¢ s ¢ ¢ N 6 4 2 2 2 u 4
ornal Corvler

meokcirm| 20 [ 2012 20 [ as | 10 | 0 1 ts | a0 | ss | 36 | s | e
w (RMS), o7 J oz ] 22| 12 | w5 | va | 30 ) 06 ) or | oss | ors | o8 | 15 | s

m"""“uuuuuus.ouuuuuuu

Froq. Response 3 db

Down ot CPS 330 170 120 138 " 120 100 300 140 1ms 1o 100 1o 75
Tompersiure Renge —45°F t0 140°F ~—45°F 10 250°F

Weight (Grome)

Typicei {Coll end 2 » & n 100 ([ '4 200 29 35 70 el ” 77 21

*Sories 7DCDT: man excitolion vellage 7 VDC, min S VDC.  Serles 24DCDT: max excitation vollage 28 VDC, min 20 VDC.

. .- . '

ngg Rlf)Ig!’I.ACEMENT TRANS- TRANSDUCERS
number, .,,‘I, Mod! el 7DCDT-050 for TIDCDT-080. ............ $ 99.00 24DCDT-080............. $146.00
6-volt excitation and a +0.050 inch 00, ... 104.00 -100............. 151.00
displacement range. If you want this 250............. 119.00 -280............. 164.00
transducer I:gth oﬂ;ﬁa&lzm a standard ~500............. 182.00 -800............. 171.00
core assembly, se core configu- -1000............ 141. ~1000............ 186.00
:‘ntéo:d 3%; outlin:o dtrh.e"inu) -m ............ 156.2: -2000............ 200.00
model number, 6 .‘_"“m"uod.l 7DcmDT- -2000............ 162.00 -2000............ 207.00
050-B12. If you want the leads termi- *Pricss for 7/24DCDT-X-B11, -B12, -B18, etc. same as for squivalent stroke standard
nated with Connector 128-217 add models sbove (where X equals stroke in thousandths).
Cl to the emtmg number, and 88.00
to grl R T ]
DCD! 'r-oso-mz-m ‘l'vnnty-lour Power Supplies | Aossaserien
TPS-10 for TDCDT Series T62-8 Coupler............... .00
“".Mx(“) o /battery) ... $4200 | T52.6 Mtg. Block............ :g.oo
s TR e e it | TRORTR
ACCESSORIES: 8 ot 24DCDT Serles........17600 | =~ Rod............
ol mutl:;l Tbu?neort T41-11 K\lh?h DCDT Power T18-19P2 15° Extenaion
are carefully manufactured from se- Adapter for 7/24DCDT Series.175.00 Rod............ 876
loetnd heat-treated materials to obtain
mmmlmgwﬂ’ assemblies Replesemont Cores/Core Ascombiies
they are carefully matched to insure
transducer operation within rated -m a2 .3 4 43 |emce
Mmdm & mﬂ-{ 12020 | 8232011 | noum | meam | mesm 820
Dhen ordesiog sores seperataty: refer e e T
to the outline dnw%md the YR | Y- | W1y | IhaRd | nivama [ neama] &30
model number of desired core TNIP) | TIN-33 | $13-1F20 | T19-4P3 | T19-293 | 19393 | 830
style. Then, refer to the price list for LWWWW T19-204 | 19304 | S0 *
the actual part. mumber, e.g., f you B2LERLE R T TR e 57
want a T19-4 core for use in & 196 | L"Fﬁm_ (SRS [ Tioape | Tioahe | Tioses | S
;’gm .1.1;’,‘4“'195““" order core T20.397 | 0D3-2925 | T19-4P6 | TI9-206 | V19-3P6 | 875

Pricss subject to change witheut notles. ANl grices F.O.5. Wallhom, Macs.  In aress where sales and wee tanes apply, thess tanm are ndded %o the iavolcs.
SURORE: Mowiet-Posturd BA. 54 Ronte Ovs Assous. Sunova. Swdowriond  THL: (008) 07 €5 Toton: 0O Ouble: Mewpesies
‘sANBORN AMBRCAS: MewteB Pusiurd wasr Amaress (B0t Pags M Re., Pule Ao, Oct. /000 TEL: (ev8) SN0-7000 Telon: GI0O1!

7‘ Printod n USA
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CORES
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Core Style Style | Model] D
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EXTENSION RODS, COUPLER ' =h' ]
172 THO. |o— o 02 fype 2024-T4
son mm: 1 "'I "' l i
Vel = Lo 100 o 0% 1
) NOTE: (2) 172 NUTS AND (2) WASHERS H— ' 5
SUPPLIED WITH EACH ROD ® l 1

. EXTENSION ROD AR
MODEL NO. L ms_j as LAl
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3 . —HE - 0.50 b=
3 130 Extorsion Rod Coupler 7529

MOUNTING BLOCK
3 o 2.00 )
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